Introduction {#s0001}
============

Osteoarthritis (OA) is a common joint disease that occurs in the elderly. About 15% of the world\'s population suffers from OA (Lawrence et al. [@CIT0014]). Although OA is the most common form of disability in the elderly, no drug exists to slow the progression, or reverse the OA disease process (McCarthy and Cheung [@CIT0025]). Once the development of OA enters the end stage, joint replacement is the only effective treatment. At present, non-surgical treatment of OA is mostly aimed at alleviating pain caused by inflammatory reaction and alleviating symptoms. Exploring safe and effective therapeutic drugs has become an urgent problem to be solved in the early treatment of OA.

The main pathological feature of OA is the degeneration of articular cartilage, and the synovial membrane and subchondral bone are simultaneously affected (Buckwalter and Mankin [@CIT0006]). Current research suggests that OA is a chronic inflammatory disease (Benito et al. [@CIT0003]). A variety of inflammatory factors play an important role in the pathogenesis of OA. Interleukin-1 (IL-1) is considered to be the initiating factor of inflammation regulation that can be recognized by pattern recognition receptors (PRRs) to participate in the inflammatory effects of cascade amplification. IL-1β is a major member of the IL-1 family that has been shown to play an important role in the progression of OA (Margerie et al. [@CIT0023]). A large amount of IL-1β can be detected in the joint fluid of patients with OA (Ramonda et al. [@CIT0032]). The high expression of IL-1β was also found in the cartilage tissue of OA, and the concentration of IL-1β in the tissue directly reflected the severity of OA (Towle et al. [@CIT0038]). IL-1β has been widely used in *in vitro* models to induce chondrocyte inflammatory response (Zhou et al. [@CIT0050]).

Nod-like receptor pyrin domain 3 (NLRP3) inflammasome is considered to be a molecular switch that regulates the production of inflammation, and is a hot spot in the field of inflammatory immunity research in recent years. Activation of NLRP3 inflammasome leads to cleavage of caspase-1. Activated caspase-1 is capable of cleavage and processing of pro-IL-1β and IL-18 to promote their cleavage into mature IL-1β and IL-18 and secrete cells (Zhou et al. [@CIT0051]). These cytokines are further involved in the regulation of the inflammatory cascade. NLRP3 has been shown to play an important role in the inflammatory response of various diseases including osteoarthritis. Based on this, Zhang et al. ([@CIT0046]) proposed that inhibition of NLRP3 inflammasome activity can improve renal dysfunction in diabetic nephropathy. Mridha et al. ([@CIT0027]) believed that inhibition of NLRP3 inflammasome activation can reverse liver inflammation and improve liver fibrosis. Sun et al. ([@CIT0034]) also found that inhibition of NLRP3 inflammasome activation can improve osteoarthritis disease progression in destabilization of the medial meniscus (DMM) model of osteoarthritis. Therefore, as the core of the inflammatory response, NLRP3 inflammasome may provide new targets for the treatment of OA (Bougault et al. [@CIT0005]; McAllister et al. [@CIT0024]).

Dexmedetomidine (Dex) is a highly selective α2 receptor agonist, and its research on anti-inflammatory and analgesic has been reported. Dex acts on the posterior synaptic and interneuronal nerves of the spinal cord without post-synaptic membrane α2 adrenergic receptors, which inhibits pain signaling to brain conduction and weakens intra-articular injection of complete Freund\'s adjuvant (CFA)-induced hyperalgesia in monoarthritis (MA) rats (Xu et al. [@CIT0042]). It is worth noting that Dex can alleviate pancreatic injury and inflammatory response in mice with pancreatitis by inhibiting NLRP3 inflammasome (Li et al. [@CIT0017]). Yao et al. ([@CIT0043]) found that Dex can attenuate the acute kidney injury induced by autologous liver transplantation by inhibiting NF-κB pathway through α2A-AR subtype. Zhang et al. ([@CIT0047]) showed that Dex can down-regulate inflammatory factor levels in septic rats by inhibiting NF-κB pathway. Zhang et al. ([@CIT0048]) found in CFA-induced MA rats that intraperitoneal injection of Dex (20 μg kg^−1^) antagonized inflammatory pain in MA rats and suggested that Dex may be beneficial in the treatment of arthritic pain. However, the role and mechanism of Dex in the OA rat model is unclear. We induced a rat model of osteoarthritis by intra-articular injection of papain, and inter-catheter injection of Dex to intervene in the OA rat model to investigate the effect of Dex on pain and cartilage damage in OA rats.

Materials and methods {#s0002}
=====================

Animals and grouping {#s0003}
--------------------

Specific-Pathogen-Free Wistar rats (Male, 280--320 g, 3-month-old) were purchased from Antai Kang Biotechnology (Beijing, China). Rats were kept under standard laboratory conditions (temperature 24 °C, 12 h light-dark cycle). They were fed standard diet and drank tap-water *ad libitum*. All experimental procedures were ethically approved by the Animal Use and Care Committee of the Lianyungang Oriental Hospital and were conducted in accordance with the National Institute for Health "Guide for the Care and Use of Laboratory Animals".

Model preparation and processing {#s0004}
--------------------------------

The OA model was prepared according to the reference (Murat et al. [@CIT0028]). A 4% papain solution (0.2 mL) and 0.1 mL of 0.03 mol L^−1^ [l]{.smallcaps}-cysteine were mixed and allowed to stand for 0.5 h. The mixture (20 μL) was injected into the right knee joint of the rat. Intra-articular injections were repeated on days 4 and 7. Rats in the control group (*n* = 14) were injected with the same amount of normal saline only in the right knee joint. The general health of rats was monitored as per the ethical guidelines of the research team's institution. After the last injection of papain solution for 1 week and 2 weeks, four rats were randomly selected from OA and control group, and the paraffin sections of articular cartilage were obtained for Hematoxylin-eosin (HE) staining and Safranin O-Fast Green staining for model identification.

OA rats were randomly divided into four groups, 10 in each group: OA group, low dose Dex treatment group (L-DEX group), medium dose Dex treatment group (M-DEX group), high dose DEX treatment group (H-DEX group). The L-DEX, M-DEX and H-DEX groups were injected with 5, 10, or 20 μg kg^−1^ Dex into the right knee joint, respectively. Both the control group and the OA group were injected with the same volume of physiological saline, once a day, continuously for 4 weeks.

Experimental design {#s0005}
-------------------

Gait behavior tests were performed before modeling, and on days 0, 7, 14, 21, and 28 during Dex treatment, and the mechanical contraction threshold, heat-shrinking response latency, and the knee diameter were measured, simultaneously.

After the completion of DEX treatment, the rats were anesthetized by intraperitoneal injection of 1% sodium pentobarbital (35 mg kg^−1^), and sacrificed by cervical dislocation. Collect articular cartilage tissue, a portion was stored at −80 °C for enzyme-linked immunosorbent assay (ELISA) and western blot analysis, a portion was fixed in 4% paraformaldehyde overnight, and paraffin-embedded (5 μm) for histopathological analysis.

Gait behavior test {#s0006}
------------------

The gait behavior of rats was semi-quantitatively analyzed between 0 and 4 points (Ma and Liang [@CIT0022]). Rats walked on a 17 cm s^−1^ electric treadmill for 20 s. If the rat refuses to walk on the treadmill, it was recorded as 0; Rats walked 30% of the prescribed time, and the gait showed severe disharmony, which was recorded as 1 point; Rats walked 60% of the prescribed time, and the gait showed moderate disharmony, which was recorded as 2 points; Rats walked 90% of the prescribed time, and the gait showed a slight inconsistency, which was recorded as 3 points; When the rats have completed the prescribed time and the gait is normal, they are recorded as 4 points.

Mechanical withdrawal response threshold detection {#s0007}
--------------------------------------------------

The rat paw withdrawal mechanical threshold (PWMT) was determined using a Ugo Basile thermal pain tester (Ugo Basile 37370, Comerio, Italy). All rats were placed in an acrylic cage with a mesh floor to accommodate the environment for 15 min. The probe of the tester was aimed at the right sole and stimulated for 3--6 s to observe whether the rat had a contraction reaction. A positive reaction occurs if the rat rapidly contracts and licks or shakes the foot during the stimulation time or when removing the filament. The minimum fiber stimulating force that produces a positive reaction is recorded as PWMT. Each rat was averaged three times, with an interval of 5 min.

Heat shrinking foot reaction latency {#s0008}
------------------------------------

The rat paw withdrawal thermal latency (PWTL) was determined using a Ugo Basile thermal pain tester. The rats were placed in a test chamber with a glass bottom and adapted to the environment for 15 min. Adjust the intensity of the infrared radiation probe of the tester, so that the ability to stimulate the rat was about 10 s, and the cutting time was set to 25 s. Rats with elevated or lame behavior were considered positive. The shortest time to produce a positive reaction is the PWTL. Each rat was averaged three times, with an interval of 5 min.

Knee diameter evaluation {#s0009}
------------------------

A precision tape measure was used to analyze knee diameter. The tape was positioned medio-laterally in the join interline region to quantify the joint diameter (mm) of the knee. Each rat was averaged three times.

HE staining {#s0010}
-----------

The paraffin sections were dewaxed, graded alcohol hydrated, hematoxylin solution stained for 15 min, and eosin solution counterstained for 5 min. After dehydration, transparency and sealing of the gradient alcohol, the pathological condition of articular cartilage was observed by Image-Pro image analysis software.

Safranin O-Fast green staining {#s0011}
------------------------------

After paraffin section was dewaxed and graded with alcohol, it was stained with 0.5% Fast Green for 20 min, stained with 0.5% Safranin O for 5 min, and then subjected to gradient alcohol dehydration, xylene transparent, neutral gum seal. The articular cartilage tissue was observed under a microscope.

Mankin scores {#s0012}
-------------

After the Safranin O-Fast Green staining was completed, the degree of articular cartilage lesions was scored by two independent observers according to the modified Mankin scoring principle (Murat et al. [@CIT0028]). The score range is 0--14, and the higher the score, the more severe the joint degeneration.

Immunohistochemical analysis {#s0013}
----------------------------

Paraffin sections (5 μm) were dehydrated, hydrated with gradient alcohol, incubated in citrate buffer for 15 min at 95 °C, and incubated with peroxidase blocker for 30 min. The primary antibodies of MMP-13 and Collagen II were incubated overnight at 4 °C. Sections incubated with PBS served as negative controls. The FITC-labeled secondary antibody was incubated for 1 h, and after washing with PBS, the DAB solution was developed. After washing with tap water, it is counterstained with hematoxylin, dehydrated with gradient alcohol, and transparent with xylene, and then sealed with a neutral gum. Five sections of each slice were taken and photographed. The mean optical density (MOD) of immunohistochemistry was quantified by two individuals following a double-blind principle.

Enzyme-linked immunosorbent assay（ELISA） {#s0014}
------------------------------------------

The levels of IL-1β, IL-18, TNF-α and IL-6 in cartilage were detected by enzyme-linked immunosorbent assay (ELISA). The ELISA kit was purchased from Anorui Kang (Tianjin, China). All operations are carried out in strict accordance with the manufacturer's instructions.

Western blot analysis {#s0015}
---------------------

Knee articular cartilage tissue was homogenized in a lysate containing protease inhibitors and nuclear proteins and cytosolic proteins were extracted. The protein concentration of each sample was determined using a BCA Protein Assay Kit (Pierce, USA). Total protein (30 μg) was separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis and transferred to a polyvinylidene fluoride membrane (Millipore, USA). After blocking the 5% delipidated protein for 1 h, the corresponding primary antibody of MMP-13, Collagen II, NLRP3, ASC, caspase-1 p10, NF-κB p65, IκB was added and incubated overnight at 4 °C. After washing, horseradish peroxidase-labeled secondary antibody (1:2000, Cell Signaling, USA) was added and incubated for 1.5 h at room temperature. After adding the luminescent liquid, a photo was taken with a gel imager. Using β-actin and histone as internal parameters, the relative expression levels of the proteins were calculated by statistical gray value.

Statistical analyses {#s0016}
--------------------

SPSS software (ver. 07 for Windows; SPSS Inc., Chicago, IL). The results were represented as mean ± SD. Comparative studies were analyzed by Student's *t*-test or one- or two-way ANOVA test followed by *post hoc* test with *p* values less than 0.05 considered as statistically significant.

Results {#s0017}
=======

Identification of OA rat model {#s0018}
------------------------------

After injection of 20 μL of 4% papain solution into the right knee of the rats, about 80% of the rats were observed to have different degrees of joint swelling and activity limitation on the 5th day after papain injection. On day 7, all abnormalities were observed in all model rats. The model was identified by HE staining and Safranin O-Fast Green staining at 1 week and 2 weeks after the last papain injection.

HE staining revealed ([Figure 1(A)](#F0001){ref-type="fig"}) that the control cartilage had a clear structure, no defect area, and the chondrocytes were arranged neatly ([Figure 1(A](#F0001){ref-type="fig"}a)). Fractures and small ulcers were observed on the cartilage surface of OA rats 1 week after papain injection, and the four-layer structure was blurred and the number of chondrocytes was significantly reduced ([Figure 1(A](#F0001){ref-type="fig"}b)). After 2 weeks of papain injection, cartilage damage was increased in OA rats ([Figure 1(A](#F0001){ref-type="fig"}c)).

![Identification of a rat model of OA induced by intra-articular injection of papain. (A) The HE staining of articular cartilage tissue of the rats in the control group (a), and the 1 week (b) or 2 weeks (c) after the last injection of papain (×100). (B) The safranin O-Fast Green staining of articular cartilage tissue of the rats in the control group (a), and the 1 week (b) or 2 weeks (c) after the last injection of papain (×200). Rats in the 1 week (b) or 2 weeks (b) after the last papain injection groups were injected with 4% papain solution (20 μL) in the right knee joint. Rats in the control group were injected with the same amount of normal saline only.](IPHB_A_1651874_F0001_C){#F0001}

Safranin O-Fast Green staining also showed moderate saffron staining in OA rats 1 week after papain injection ([Figure 1(B](#F0001){ref-type="fig"}b)), and severe cartilage destruction occurred 2 weeks after injection ([Figure 1(B](#F0001){ref-type="fig"}c)). With the prolongation of postoperative time, cartilage destruction showed a significant tendency to aggravate. These results confirmed the successful preparation of the OA rat model.

The effect of Dex on pain behavior in OA rats {#s0019}
---------------------------------------------

To analyze the therapeutic effect of Dex on OA rats, gait behavioral tests were performed on days 0, 7, 14, 21, and 28 during Dex treatment to analyze spontaneous pain behavior in OA rats ([Figure 2(A))](#F0002){ref-type="fig"}. We found that the gait behavior score of OA rats was significantly higher than that of the control group (*p* \< 0.05), suggesting that intra-articular injection of papain can cause pain behavior in OA rats. On the 28th day of Dex treatment, the gait behavior scores of OA rats in L-DEX group, M-DEX group and H-DEX group were significantly higher than those of OA group (*p* \< 0.05), suggesting that Dex treatment can improve joint pain in OA rats in a dose-dependent manner.

![Effect of Dex on pain behavior in OA rats. Gait behavior test (A), mechanical withdrawal response threshold test (B) and heat-shrinking foot reaction latency test(C) on day 0, 7, 14, 21 and 28 during intra-articular injection of Dex to analyze the improvement of pain behavior in OA rats by Dex. Values are means ± SD. *N* = 10. \*\**p \< *0.01 vs. control group; ^\#\#^*p \< *0.01 vs. OA group; ^&&^*p \< *0.01 vs. L-DEX group; ^\$^*p \< *0.05 vs. M-DEX group.](IPHB_A_1651874_F0002_B){#F0002}

PWMT and PWTL are commonly used indicators of reactive neuropathic pain and are inversely related to the degree of neuropathic pain (Ma and Liang [@CIT0022]). We evaluated the effects of Dex on neuropathic pain in OA rats by analyzing PWMT and PWTL ([Figure 2(B,C))](#F0002){ref-type="fig"}. The results showed that the PWMT and PWTL values of OA rats showed an increasing trend during Dex treatment. With the prolongation of time and the increase of dose, the effect of Dex on relieving pain in OA rats gradually became obvious. On the 28th day of Dex treatment, the PWMT and PWTL of L-DEX group, M-DEX group and H-DEX group were significantly lower than those of OA group (*p* \< 0.05), indicating that DEX has an analgesic effect on arthritis.

Effect of Dex on the morphology and structure of articular cartilage in OA rats {#s0020}
-------------------------------------------------------------------------------

After Dex treatment was completed, we analyzed the morphological structure of cartilage tissue of OA rats by HE staining ([Figure 3(A)](#F0003){ref-type="fig"}) and Safranin O-Fast Green staining ([Figure 3(B))](#F0003){ref-type="fig"}. The normal cartilage in the control group was stratified, and the chondrocytes in each layer were arranged neatly and the matrix was evenly distributed. In the OA group, the cartilage surface was damaged, the cartilage tissue was largely detached and the structure was blurred, and the chondrocytes were disorderly arranged, accompanied by lymphocyte infiltration. Safranin O-Fast Green staining analysis also found that the cartilage matrix of the control group was uniformly stained (red), the bone tissue was green and the layers were distinct; while the cartilage matrix of the OA group became lighter, and the boundary between the cartilage matrix and the bone tissue was blurred. Pathological injury of cartilage tissue of OA rats can be improved by 4 weeks treatment of joint cavity injection of Dex.

![Effect of Dex on the morphological structure of articular cartilage in OA rats. After Dex treatment was completed, HE staining (A, ×100) and Safranin O staining (B, ×200) were used to analyze the morphological structure of cartilage tissue of OA rats. (C) Quantitative analysis of cartilage lesions in OA rats using a modified Mankin score. Values are means ± SD. *N* = 10. \*\**p \< *0.01 vs. control group; ^\#^*p \< *0.05, ^\#\#^*p \< *0.01 vs. OA group; ^&^*p \< *0.05, ^&&^*p \< *0.01 vs. L-DEX group; ^\$^*p \< *0.05 vs. M-DEX group.](IPHB_A_1651874_F0003_C){#F0003}

The Mankin score can quantify the degree of cartilage damage by articular cartilage structure, chondrocyte number distribution, cartilage matrix coloration, and tidal line (Murat et al. [@CIT0028]). We used a modified Mankin score to analyze ([Figure 3(C)](#F0003){ref-type="fig"}) and found that, compared with the control group, the cartilage tissue score of the OA group was significantly higher (*p* \< 0.05). The Mankin scores of the M-DEX group and the H-DEX group were significantly lower than those of the OA group (*p* \< 0.05). These results suggested that Dex treatment can improve the pathological damage of articular cartilage in OA rats and reduce the degree of articular cartilage degeneration in OA rats.

Effect of Dex on the metabolism of cartilage matrix in OA rats {#s0021}
--------------------------------------------------------------

The imbalance of synthesis and degradation of cartilage matrix is an important cause of OA cartilage degradation, in which MMPs play a decisive role (Lin et al. [@CIT0018]). To analyze the effect of Dex on cartilage matrix metabolism, we used immunohistochemistry to analyze the expression of MMP-13 and collagen II in cartilage tissue. Immunohistochemical analysis revealed that ([Figure 4(A)](#F0004){ref-type="fig"}), compared with the control group, the positive expression of MMP-13 protein in the articular cartilage tissue of the OA group was enhanced, while the positive expression of collagen II was weakened (*p* \< 0.05). Compared with the OA group, the positive expression of MMP-13 protein in the cartilage tissue of the Dex group was weakened, and the positive expression of collagen II was enhanced (*p* \< 0.05).

![Effect of Dex on cartilage matrix metabolism in OA rats. (A) The expression of MMP-13 and collagen II expression in cartilage tissue was analyzed by immunohistochemistry after Dex treatment (×400). (B) Western blot analysis of expression of MMP-13 and collagen II in cartilage tissue. Values are means ± SD. *N* = 10. \*\**p \< *0.01 vs. control group; ^\#^*p \< *0.05, ^\#\#^*p \< *0.01 vs. OA group; ^&^*p \< *0.05, ^&&^*p \< *0.01 vs. L-DEX group; ^\$^*p \< *0.05, ^\$\$^*p \< *0.01 vs. M-DEX group.](IPHB_A_1651874_F0004_C){#F0004}

Western blot analysis also showed that compared with the OA group, the protein expression of MMP-13 in the cartilage tissues of the M-DEX group and the H-DEX group was significantly decreased, while the expression level of collagen II was significantly increased (*p* \< 0.05, [Figure 4(B))](#F0004){ref-type="fig"}. These results revealed that the improvement of Dex on articular cartilage degradation in OA rats may be related to the regulation of cartilage matrix metabolism.

Effect of Dex on inflammatory response of cartilage tissue in OA rats {#s0022}
---------------------------------------------------------------------

To indirectly evaluate the joint inflammation (edema and cellular infiltrate), we measured the knee diameter ([Figure 5(A))](#F0005){ref-type="fig"}. There was no significant difference in joint diameter between the groups before the model establishment. After model establishment (0 d of treatment with Dex), the joint diameter of OA group, L-DEX group, M-DEX and H-DEX group was significantly higher than that of the control group (*p* \< 0.05), suggesting that papain injection can cause joint swelling in rats, and the inflammatory reaction is involved in the development of OA. On the 28th day of Dex treatment, the joint diameters of the M-DEX group and the H-DEX group were significantly lower than those of the OA group (*p* \< 0.05). It was suggested that the therapeutic effect of Dex on OA rats may be related to its anti-inflammatory effect.

![Effect of Dex on inflammatory response in OA rats. (A) Joint diameters of OA rats were measured on days 0, 7, 14, 21, and 28 during intra-articular injection of Dex. (B) The content of IL-1β, IL-18, IL-6 and TNF-α in cartilage tissues was detected by ELISA after Dex treatment. Values are means ± SD. *N* = 10. \*\**p \< *0.01 vs. control group; ^\#^*p \< *0.05, ^\#\#^*p \< *0.01 vs. OA group; ^&^*p \< *0.05, ^&&^*p \< *0.01 vs. L-DEX group; ^\$^*p \< *0.05 vs. M-DEX group.](IPHB_A_1651874_F0005_B){#F0005}

Proinflammatory factors are important mediators of the inflammatory response. Abnormal secretion of inflammatory factors can cause abnormal metabolism of cartilage matrix and increase of apoptotic cells, which eventually leads to degeneration of cartilage (Lisignoli et al. [@CIT0020]). To analyze the anti-inflammatory effects of Dex on OA rats, we used ELISA to detect the levels of inflammatory mediators such as IL-1β, IL-18, IL-6 and TNF-α ([Figure 5(B))](#F0005){ref-type="fig"}. We found that the levels of IL-1β, IL-18, IL-6 and TNF-α in the OA group were significantly higher than those in the control group (*p* \< 0.05). After the treatment of Dex, the levels of IL-1β, IL-18, IL-6 and TNF-α in M-DEX group and H-DEX group were significantly lower than those in OA group (*p* \< 0.05), suggesting that Dex can reduce the secretion of inflammatory factors in cartilage tissue of OA rats.

Effect of Dex on NLRP3 inflammasome in OA rats {#s0023}
----------------------------------------------

The secretion of IL-1β and IL-18 is mainly regulated by activated caspase-1, and NLRP3 inflammasome activation is a key regulator of caspase-1 activation (Allen et al. [@CIT0001]). To investigate the anti-inflammatory mechanism of DEX in improving cartilage damage in OA rats, we further analyzed the activity of NLRP3 inflammasome in articular cartilage ([Figure 6](#F0006){ref-type="fig"}). We found that the expression of NLRP3, ASC and caspase-1 p10 in articular cartilage tissue of OA group was significantly increased compared with the control group (*p* \< 0.05). The expression of NLRP3, ASC and caspase-1 p10 in M-DEX group and L-DEX group was significantly lower than that of OA group (*p* \< 0.05).

![Effect of Dex on NLRP3 inflammatory bodies in OA rats. The expression levels of NLRP3, ASC and caspase-1 in cartilage tissues were detected by Western blotting. Values are means ± SD. *N* = 10. \*\**p \< *0.01 vs. control group; ^\#^*p \< *0.05, ^\#\#^*p \< *0.01 vs. OA group; ^&^*p \< *0.05, ^&&^*p \< *0.01 vs. L-DEX group.](IPHB_A_1651874_F0006_B){#F0006}

Effect of Dex on NF-κB pathway {#s0024}
------------------------------

As the most important transcription factor, NF-κB is closely related to inflammatory reaction, cartilage degradation and matrix metabolism during the progression of OA (Roman-Blas and Jimenez [@CIT0033]). p65 is an important functional subunit of NF-κB, and activated NF-κB plays a regulatory role mainly by translocation of p65 into the nucleus. We further analyzed the effect of Dex on the NF-κB pathway in cartilage tissue. As shown in [Figure 7](#F0007){ref-type="fig"}, the p65 protein level in the nuclei of the control rats was low. OA can induce the translocation of p65 from the cytoplasm to the nucleus to increase the content of p65 protein in the nucleus, which may be related to the decrease of IκB level in the cytoplasm. While Dex treatment can significantly inhibit the degradation of IκB and nuclear translocation of p65, suggesting that it may reduce the secretion of inflammatory factors by inhibiting the activation of NF-κB.

![Dex inhibits nuclear translocation of NF-κB in articular cartilage tissue of OA rats. (A) NF-κB p65 in cytoplasm and nucleus, and IκB levels in cytoplasm were analyzed by western blot. (B) The expression of NF-κB p65 in cytoplasm. (C) The expression of IκB in cytoplasm. (D) The expression of NF-κB p65 in nucleus. Dex treatment significantly inhibited the degradation of IκB and the nuclear translocation of p65 in cartilage tissues of OA rats. Values are means ± SD. *N* = 10. \*\**p \< *0.01 vs. control group; ^\#\#^*p \< *0.01 vs. OA group; ^&&^*p \< *0.01 vs. L-DEX group; ^\$^*p \< *0.05 vs. M-DEX group.](IPHB_A_1651874_F0007_B){#F0007}

Discussion {#s0025}
==========

Injection of drugs into the knee joint cavity is known as the classical method for establishing animal models of OA (Kalbhen [@CIT0013]). Injection of papain is one of the most common drugs, which has the advantages of high model success rate, short modeling time and good repeatability, and has similar characteristics to human OA (Murat et al. [@CIT0028]). We constructed a rat OA model by injecting papain into the knee joint cavity and observed the pain behavior of the model rats, the cartilage tissue damage of the knee joint, and the severe inflammatory reaction, confirming the successful modeling. As a selective α2AR agonist, Dex has been widely used in adult intensive care units and clinical anesthesia (Bhana et al. [@CIT0004]). Dex has been shown to have significant analgesic effects in neuropathic pain and chronic inflammatory pain models (Xu et al. [@CIT0042]), including osteoarthritic rats (Li et al. [@CIT0015]). We treated OA rats by intra-articular injection of Dex as an intervention, which not only increased the local drug concentration, but also reduced systemic adverse reactions (Cheng et al. [@CIT0008]). We found that continuous treatment of Dex for 4 weeks can effectively increase the pain threshold of OA rat model, reduce the joint diameter and Makin score of OA rats, suggesting that Dex has a therapeutic effect on OA and can improve joint inflammation and tissue damage.

Although the pathogenesis of OA has not been fully elucidated, a large number of studies have confirmed that the inflammatory response is closely related to the progression of OA (Haywood et al. [@CIT0011]). IL-1β and TNF-α are recognized as pathogenic factors in synovial inflammation and cartilage injury (Lisignoli et al. [@CIT0020]). TNF-α not only synergizes with IL-1β, but also induces IL-6 production, which plays a decisive role in the occurrence and development of OA (Guler-Yuksel et al. [@CIT0010]). IL-1β is the most important cytokine in the pathological process of OA that can further induce the expression of other pro-inflammatory proteins and expand the inflammatory response, which ultimately aggravates the destruction of articular cartilage (Margerie et al. [@CIT0023]; Ji et al. [@CIT0012]; Wang et al. [@CIT0040]). Scholars have suggested that the main mechanism of action of IL-1β on the degradation of articular cartilage is to promote the degradation of articular cartilage matrix (Ji et al. [@CIT0012]). Up-regulation of IL-1β-induced expression of matrix metalloproteinases (MMPs), especially up-regulation of MMP-13, is an important factor in the irreversible destruction of cartilage matrix (Vincenti and Brinckerhoff [@CIT0039]). Moreover, IL-1β binds to its receptor can activate the NF-κB pathway (Zhong et al. [@CIT0049]). Inhibition of the release of inflammatory factors is one of the important means to improve osteoarthritis pain and treat osteoarthritis (Xia [@CIT0041]; Lin et al. [@CIT0019]; Nixon et al. [@CIT0029]).

In addition to analgesic and sedative effects, Dex has been widely confirmed for its anti-inflammatory effects. Taniguchi et al. ([@CIT0035]) believe that a possible mechanism by which Dex inhibits inflammatory response is that Dex regulates cytokine production, as their study shows that Dex can significantly inhibit the production of pro-inflammatory factors such as IL-6 and TNF-α in endotoxemia mice. Other studies have also shown similar results (Memiş et al. [@CIT0026]; Qiao et al. [@CIT0030]). Memiş et al. ([@CIT0026]) also found in critically ill patients that Dex can regulate the production of TNF-α, IL-6, IL-1β to exhibit anti-inflammatory effects. We found in papain-induced OA rats that different doses of Dex could improve joint swelling in OA rats and reduce the content of inflammatory factors in cartilage tissue. Simultaneously, Dex can decrease the expression of MMP-13 in cartilage tissue of OA rats and increase the content of type II collagen. We hypothesize that Dex may inhibit cartilage matrix degradation by inhibiting the release of inflammatory cytokines in cartilage tissue to improve cartilage damage.

Inflammasome is a protein complex found in the cytoplasm that relies on the molecular platform of caspase-1 to promote the maturation and release of IL-1β and IL-18 to cause an inflammatory response (Allen et al. [@CIT0001]). NLRP3 inflammasome is the most studied NLR family member that composed of NLRP3, apopto-associated speck-like protein containing acupaspase recruitment domain (ASC) and pro-caspase-1 (Zhou et al. [@CIT0051]). NLRP3 can be activated by a variety of pathogen-associated molecular patterns (PAMPs) or danger-associated molecular patterns (DAMPs). These stimulation signals also up-regulate the expression of NLRP3 by activating the NF-κB pathway (Bauernfeind et al. [@CIT0002]). Caspase-1 is an effector protein of NLRP3 inflammasome. Once caspase-1 is activated, inactive pro-IL-1β and IL-18 can be shear processed into mature IL-1β and IL-18. Recent studies have confirmed that inflammatory pathways mediated by NLRP3 inflammasome are closely related to the occurrence of OA (McAllister et al. [@CIT0024]). We also observed activation of NLRP3 inflammasome in articular cartilage tissue of OA rats. Li H et al. ([@CIT0016]) revealed that Dex inhibits inflammation in microglia cells under stimulation of LPS and ATP via NLRP3/caspase-1 cascades, which adds new understanding of the anti-inflammatory mechanism of DEX. Li Y et al. ([@CIT0017]) also proposed Dex attenuates pancreatic injury and inflammatory response in mice by reducing NLRP3 activation. Additionally, the anti-inflammatory effects of Dex are also associated with inhibition of NLRP3 inflammasome activation in animal models of various inflammatory diseases such as brain injury (Yin et al. [@CIT0044]) and lung injury (Zhang et al. [@CIT0045]). We treated OA rats by intra-articular injection of Dex and found that Dex can significantly inhibit the activation of NLRP3 inflammasome in cartilage tissue and its downstream effects.

IL-1β is not only a downstream molecule of the NLRP3 inflammasome, but also an upstream molecule of the NF-κB pathway in complex inflammatory molecular networks (Zhu et al. [@CIT0052]). Moreover, NF-κB plays an important role in the transcription and expression of inflammatory molecules (IL-1β, IL-6, TNF-α, PGE2) genes (Chen et al. [@CIT0007]). Qiao et al. ([@CIT0031]) found that NLRP3 expression can be induced in an NF-κB-dependent manner. Zhong et al. ([@CIT0049]) demonstrated that IL-1β promotes the NF-κB p65 translocation from the cytoplasm to the nucleus by increasing the degradation of IκBα, then binds to the target gene promoter region of MMPs and iNOS. Activation of the NF-κB pathway in chondrocytes induces synovitis and joint destruction by causing the production of pro-inflammatory mediators and metabolic mediators, particularly IL-6, IL-8, and MMPs (Chen et al. [@CIT0007]). Besides, NF-κB can also function with other transcription factors such as activator protein-1 (AP-1). In synovial cells stimulated by IL-1β or TNF-α, activated AP-1 and NF-κB synergistically stimulate the production of MMPs to cause destruction of bone and articular cartilage (Grall et al. [@CIT0009]). Toegel et al. ([@CIT0036]) concluded that abolishing NF-κB (p65/p50)-driven MMP-13 promoter activation inhibits IL-1β-mediated upregulation of MMP-13 mRNA and protein levels. Tomita et al. ([@CIT0037]) used antisense RNA technology to block the transfection activity of NF-κB to reduce the inflammation of arthritis. However, Lv et al. ([@CIT0021]) treated human liver cells with different concentrations of Dex *in vitro*, and found that promoted effect on liver regeneration and liver function recovery through inhibiting NLRP3 inflammasome activation not NF-κB pathway. We found in OA rats that Dex can not only reduce the inflammatory response by regulating NLRP3-ASC-caspase-1-IL-1β/IL-18 axis to improve cartilage matrix degradation, but also inhibit the nuclear translocation of NF-κB in cartilage tissue, which may be related to the different ways in which OA is modeled. We hypothesized that Dex can ultimately reduce cartilage damage in OA rats by inhibiting NF-κB and NLRP3 inflammasome-mediated inflammation. However, the interaction between NF-κB and NLRP3 inflammasome needs further investigation.

Conclusions {#s0026}
===========

Dex can improve pain symptoms and cartilage tissue damage in OA rats. The protective effect of Dex on the OA rat model may be related to the inhibition of the activation of NF-κB and NLRP3 inflammasome to reduce the maturation and release of inflammatory factors in cartilage tissue. However, we only initially explored the effect of Dex on the inflammatory response in OA rats. The pathophysiological process of OA is complex, and the protective effect and related mechanism of Dex on OA remains to be further explored.
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